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METHOD OF MANUFACTURING A FIG . 6 shows a schematic top view of a plurality of 
PLURALITY OF CONVERSION ELEMENTS , conversion elements according to an example . 

CONVERSION ELEMENT AND FIGS . 7 to 21 schematically show different examples of OPTOELECTRONIC COMPONENT the method in more detail . 
FIG . 22 shows a schematic cross - sectional view of an TECHNICAL FIELD optoelectronic component according to an example . 

This disclosure relates to a method of manufacturing a REFERENCES plurality of conversion elements , a conversion element and 
an optoelectronic component . 

1 first conversion layer 
BACKGROUND 2 auxiliary carrier 

3 second conversion layer 
There is a need for a simplified method of manufacturing 4 layer stack 

1 ) a plurality of conversion elements , each having at least 5 slice 
two different , separate regions with different wavelength 15 6 separation line converting properties , and 2 ) a conversion element with at 7 conversion element least two different regions separated from each other that 8 first converting region have different wavelength - converting properties , as well as 
an optoelectronic component with such a conversion ele 9 second converting region 
ment . 10 third conversion layer 

11 semiconductor chip 
SUMMARY 

DETAILED DESCRIPTION 
We provide a method of manufacturing a plurality of 

conversion elements , including providing a first conversion Our method for the manufacture of a plurality of conver 
layer on an auxiliary carrier , the first conversion layer sion elements provides a first conversion layer . The first converting electromagnetic radiation of a first wavelength conversion layer is suitable to convert electromagnetic range into electromagnetic radiation of a second wavelength radiation of a first wavelength range into electromagnetic range , applying a second conversion layer on the first 
conversion layer , the second conversion layer converting radiation of a second wavelength range . Particularly pref 
electromagnetic radiation of the first wavelength range into 30 erably , the first conversion layer is provided on an auxiliary 

carrier . electromagnetic radiation of a third wavelength range , and 
separating the generated layer stack such that a plurality of A second conversion layer that converts electromagnetic 
conversion elements are generated , wherein each conversion radiation of the first wavelength range into electromagnetic 
element includes at least one first converting region having radiation of a third wavelength range may be applied to the 
material of the first conversion layer , each conversion ele- 35 first conversion layer . 
ment includes at least one second converting region having The generated layer stack may be separated such that a 
material of the second conversion layer , and the converting plurality of conversion elements is generated . The conver 
regions are arranged laterally side by side . sion elements can be formed in the same or in a different 
We also provide a conversion element manufactured by a 

method of manufacturing a plurality of conversion elements , 40 Particularly preferably , the layer stack is separated such 
including providing a first conversion layer on an auxiliary that each conversion element has at least one first converting 
carrier , the first conversion layer converting electromagnetic region having material of the first conversion layer or being 
radiation of a first wavelength range into electromagnetic formed of material of the first conversion layer . Further , each radiation of a second wavelength range , applying a second conversion element preferably also comprises at least one conversion layer on the first conversion layer , the second 45 second converting region having material of the second conversion layer converting electromagnetic radiation of the conversion layer or being formed of material of the second first wavelength range into electromagnetic radiation of a 
third wavelength range , and separating the generated layer conversion layer . Particularly preferably , the different con 
stack such that a plurality of conversion elements are verting regions are arranged laterally next to each other . 

Particularly preferably , the different converting regions are generated , wherein each conversion element includes at least one first converting region having material of the first 50 directly adjacent to each other . For example , at least two 
conversion layer , each conversion element includes at least different converting regions of the conversion element are at 
one second converting region having material of the second least partially in direct contact with each other at an inter 
conversion layer , and the converting regions are arranged face . In particular , each conversion element is preferably 
laterally side by side . free of separation structures such as dams between the 
We further provide an optoelectronic component includ- 55 different converting regions . 

ing a radiation - emitting semiconductor chip that emits elec- The interface between two different converting regions 
tromagnetic radiation of a first wavelength range from a can be arranged perpendicular to a main extension plane of 
radiation exit surface , and the conversion element that the conversion element . Furthermore , it is also possible that 
converts electromagnetic radiation of the first wavelength the interface between two different converting regions 
range into electromagnetic radiation of the second wave- 60 includes an angle , for example , an acute angle with a normal 
length range and the third wavelength range . of the main extension plane . 

At least one further first conversion layer and at least one 
BRIEF DESCRIPTION OF THE DRAWINGS further second conversion layer may be alternatingly applied 

to the second conversion layer . In other words , the layer 
FIGS . 1 to 5 schematically show a method for the 65 stack can comprise a plurality of first conversion layers and 

manufacture of a plurality of conversion elements according second conversion layers that are preferably arranged alter 
to an example . natingly . 

manner . 
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A third conversion layer may be applied to the second preferably the patterns described above at least partially . In 
conversion layer . The third conversion layer converts elec- other words , the converting regions are preferably arranged 
tromagnetic radiation of the first wavelength range into at least partially in one of the patterns at least partially within 
electromagnetic radiation of a fourth wavelength range . a conversion element . This improves mixing of the con 
When separating a layer stack having at least three different 5 verted light . 
conversion layers , each conversion element preferably has , In the second separation step , a plurality of shapes of the 
in addition to the first converting region and the second finished conversion elements can be advantageously manu 
converting region , at least one third converting region factured . Conversion elements with recesses can thus be 
formed by or comprising material of the third conversion achieved . The recesses are preferably configured to spare a 
layer . 10 contact point of a semiconductor chip so that it can be 

In this example , further conversion layers can also be electrically contacted with a bonding wire . 
incorporated in the layer stack , the further conversion layers The first conversion layer and / or the second conversion 
preferably having different wavelength - converting proper- layer , as well as any other conversion layers contained in the 
ties from the first conversion layer , the second conversion layer stack can be generated by one of the following 
layer and the third conversion layer . However , preferably all 15 methods , for example : spray coating , tape casting , spin 
conversion layers convert electromagnetic radiation from coating 
the first wavelength range . Furthermore , it is also possible to use a prefabricated 

For example , the layer stack is formed from the conver- conversion layer . A prefabricated conversion layer can , for 
sion layers . For example , the layer stack consists of one or example , be connected to another conversion layer . A roller 
more first conversion layer ( s ) , one or more second conver- 20 can be used for connecting . 
sion layer ( s ) , and one or more third conversion layer ( s ) . The first conversion layer may comprise a polymeric 

Furthermore , after separating the layer stack , each con- matrix material into which a plurality of first phosphor 
version element particularly preferably comprises a respec- particles have been introduced . The first phosphor particles 
tive converting region comprising material of each conver- convert electromagnetic radiation of the first wavelength 
sion layer or formed from such a material . Preferably , the 25 range into electromagnetic radiation of the second wave 
different converting regions are arranged laterally next to length range . In other words , the phosphor particles impart 
each other . the wavelength - converting properties to the conversion 

Particularly preferably , the first wavelength range , the layer , preferably . 
second wavelength range , the third wavelength range and Also , the second or any further conversion layer can 
the fourth wavelength range are different from each other . 30 comprise a polymeric matrix material into which a plurality 
For example , the first wavelength range comprises blue light of second or further phosphor particles are introduced . The 
or is formed from blue light . The second wavelength range second phosphor particles convert electromagnetic radiation 
comprises particularly preferably yellow to green light or is of the first wavelength range into electromagnetic radiation 
formed from yellow to green light . The third wavelength of the third wavelength range . Each further conversion layer 
range comprises particularly preferably red light or is 35 may contain a further plurality of phosphor particles that 
formed from red light . The fourth wavelength range , for convert electromagnetic radiation of the first wavelength 
example , has cyan light or is formed from cyan light . range into electromagnetic radiation of a further wavelength 

If more than two different types of conversion layers are range . 
used in the layer stack , they may be repeated alternatingly in Conversion layers in which phosphor particles are intro 
the layer stack . 40 duced into a polymeric matrix material can be generated , for 

Separation of the layer stack may comprise two separation example , by introducing the respective phosphor particles 
steps . In the first separation step , the layer stack is preferably into the polymeric matrix material in liquid form and 
cut into a plurality of slices , for example , by sawing or with applying it by spray coating , tape casting or spin coating to 
the help of a laser . The thickness of the slices is , for example , an auxiliary carrier in liquid form so that a liquid conversion 
10 micrometers to 200 micrometers . Preferably , the thick- 45 layer is formed . In the next step , the liquid conversion layer 
ness of the slices is 30 micrometers to 100 micrometers . is preferably completely or partially cured . 

Each of the slices preferably has a pattern formed by the For example , the polymeric matrix material in the liquid 
conversion layers of the layer stack . For example , the pattern state comprises or consists of a plurality of non - crosslinked 
may be a spiral arrangement of the first conversion layer and monomers . To cure the conversion layer , the monomers are 
the second conversion layer . It is also possible that the 50 usually cross - linked by polymerization . The polymerization 
pattern is an alternating sequence of lines from the first can be initiated by temperature or UV radiation , for 
conversion layer and the second conversion layer . Finally , example . In this example , “ partially cured ” refers to the state 
the slice may also have a meandering arrangement of the of the polymeric matrix material in which not all monomers 
first conversion layer and the second conversion layer . of the polymeric matrix material are crosslinked by the 

Particularly preferably , each of the slices is cut into a 55 polymerization . Rather , a not negligible part of the mono 
plurality of conversion elements in a second separation step . mers is not crosslinked with each other . However , the 
Preferably , the second separation step takes place temporally polymerization of the monomers is preferably so advanced 
separated from the first separation step . Preferably , the that the liquid state of the matrix material has already 
second separation step takes place after the first separation changed to a hard state . “ Fully cured ” refers to the state in 
step . 60 which the majority of the monomers of the matrix material 

Preferably , the slice is cut along two separation directions are crosslinked by the polymerization process . 
during the second separation step . Preferably , the two sepa- For example , a silicone can be used as a polymeric matrix 
rating directions are perpendicular to each other . For material . All conversion layers of the layer stack may have 
example , separation along two separation directions can be the same matrix material . 
performed in a single separation step . A suitable separation 65 For example , one of the following materials is suitable for 
method for this is , for example , punching . The conversion the phosphor particles : Granatoids doped with rare earths , 
elements manufactured in this way include particularly for example , compounds of the type ( Y , Lu , Gd ) 3 ( A1 , Ga ) 
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5012 , alkaline earth silicon nitrides doped with rare earths , lar to the main extension plane of the layer stack or at an 
for example , compounds of the type ( Mg , Ca , Sr , Ba ) , Sign , or acute angle to a normal of the main extension plane . 
of the type ( Mg , Ca , Sr , Ba ) SiN2 , alumonitride silicates doped If the layer stack has a main extension direction , for 
with rare earths , for example , compounds of the type ( Ca , example , in a rolled or folded layer stack , the layer stack 
Sr , Ba ) AlSiNz or of the type ( Sr , Ca ) SrAl Si N. , oxy nitrides 5 may be separated along separating planes into slices per 
doped with rare earths , for example , ( Ca , Sr , Ba ) Si_02N2 , pendicular to the main extension direction of the layer stack 
aluminum oxy nitrides doped with rare earths , for example , or at an acute angle to a normal of the main extension 
compounds of the type a- or B - SIAION , silicon nitrides direction . 
doped with rare earths , for example , compounds of the type The method described herein is particularly suitable for 
( Sr , Ba ) ( Y , Yb ) Si N ,, compounds of the type ( Sr , Ca ) 10 manufacturing a conversion element . Features , examples 
[ LiA13N4 ] doped with rare earths , K2SiFG : Mn ++ , compounds and developments which are described herein only in con 
of type ( K , Na ) ( Si , Ti ) F , doped with rare earths , orthosili- nection with the method may also be employed in the 
cates doped with rare earths , for example , compounds of the conversion element and vice versa . 
type ( Mg , Ca , Sr , Ba ) 2SiO4 , oxides doped with rare earths , for Particularly preferably , the conversion element comprises 
example , compounds of type ( Mg , Ca , Sr , Ba ) , A1,4025 . 15 at least two different converting regions having different 

Furthermore , semiconductor nano - materials are also suit- converting properties . Particularly preferably , the two con 
able for the phosphor particles . Such semiconductor nano- verting regions are completely separated from each other . 
materials are , for example , Cds / CdSe core shell structures , For example , the first converting region does not include 
preferably also other nanoparticulate semiconductor mate- phosphor particles of the second converting region and vice 
rials for wavelength conversion such as Cds , CdSe , CdTe , 20 versa . Particularly preferably , the different converting 
ZnS , ZnSe , ZnTe , HgTe , HgSe , Gap , GaAs , GaSb , AIP , regions are laterally arranged next to each other and pref 
AlAs , AlSb , InP , InAs , InSb , SiC , InN , AN or their mixed erably arranged in a common plane . Particularly preferably , 
crystals ( ternary , quaternary , ) or a combination of the different converting regions form a pattern . Particularly 
several different semiconductor materials . Phosphor par- preferably , two converting regions of a conversion element 
ticles formed as nanoparticles can have a core shell and / or 25 are arranged directly adjacent to each other so that their 
alloy structure . materials are in direct contact with each other . 

It is possible that each conversion layer contains a mixture For example , the conversion element has a thickness of 10 
of different phosphor particles with different wavelength micrometers to 200 micrometers and preferably 30 microm 
converting properties . Preferably , the different phosphor eters to 100 micrometers . 
particles of a conversion layer convert electromagnetic 30 The conversion element described here is intended in 
radiation of the first wavelength range into different wave- particular for being used in an optoelectronic component . 
length ranges originating from a similar spectral range . The Features , examples and developments described herein only 
finished conversion layers are particularly preferably free of in connection with the conversion element may also be 
phosphor particles of the other conversion layers . employed in the optoelectronic component and vice versa . 

For example , the phosphor particles have a mean diameter 35 The optoelectronic component may comprise a radiation 
dso of 1 micrometer to 40 micrometers , preferably 5 emitting semiconductor chip . The radiation - emitting semi 
micrometers to 30 micrometers , and particularly preferably conductor chip emits electromagnetic radiation of a first 
10 micrometers to 25 micrometers . wavelength range from a radiation exit surface . The radia 
Phosphor particles comprising or formed from semicon- tion - emitting semiconductor chip preferably emits blue 

ductor nano - materials have , for example , an average diam- 40 light . 
eter dso of 1 nanometer to 25 micrometers and preferably 10 The optoelectronic component may comprise a conver 
nanometers to 10 micrometers . sion element that converts electromagnetic radiation of the 

Particularly preferably , the conversion layers have a first wavelength range into electromagnetic radiation of the 
thickness of 1 micrometer to 500 micrometers . second wavelength range and the third wavelength range . 

In addition to the conversion layers , the layer stack may 45 For example , the conversion element is applied in direct 
also comprise other layers which , in addition to or as an contact to the radiation exit surface of the semiconductor 
alternative to the phosphor particles , contain a filler material chip . 
or another material . Preferably , the conversion element converts blue radiation 

Particularly preferably , the layer stack is rolled or folded from the semiconductor chip into yellow to green radiation 
out of the main extension plane of the layer stack after 50 and red radiation . The optoelectronic component preferably 
application of the conversion layers and before separation . emits mixed - colored radiation composed of unconverted 
In such a way , the different patterns described above in the radiation of the first wavelength range , converted radiation 
slices and thus in the finished conversion elements can be of the second wavelength range and converted radiation of 
easily manufactured . the third wavelength range . The mixed - colored light is 

For example , the layer stack can be rolled into a cylinder . 55 preferably composed of blue radiation of the semiconductor 
When separating the layer stack rolled into a cylinder , it is chip , yellow to green converted radiation of the second 
possible to produce round slices with a spiral pattern . wavelength range and red converted radiation of the third 

Furthermore , it is also possible that the layer stack is wavelength range . Particularly preferably , the mixed - col 
folded into a cuboid in a meandering or zigzag manner . ored light has a color location in the warm - white range . 
When separating the cuboid folded in a meandering manner , 60 The color location of the mixed - colored light obtained 
rectangular slices with a meandering pattern can be created . with the help of the conversion element can be set to a 

Preferably , the layer stack is fully cured after rolling or desired value with advantage by selecting the thickness of 
folding . This advantageously fixes the shape of the layer the conversion layers , rolling and / or folding the layer stack 
stack created by rolling or folding . and the resulting patterns of the conversion element as well 

If the layer stack has a main extension plane , for example , 65 as adapting the thickness of the finished conversion element . 
in an unrolled or unfolded layer stack , the layer stack may The method described herein offers in particular the 
be separated along separation planes into slices perpendicu- advantage of being able to simultaneously generate a plu 
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rality of conversion elements with separate laterally FIGS . 7 to 8 show alternative examples of separating lines 
arranged converting regions using simple technologies . The 6 during the second separating step to separate a slice 5 that 
converting regions can be arranged in patterns for better has been already described in connection with FIG . 5. The 
light mixing . The use of separation structures such as a dam separating lines 6 are perpendicular to each other , wherein 
or a mask to generate the different converting regions can 5 the separating lines 6 run parallel to a main extension plane 
advantageously be dispensed with in our methods . The of the conversion layers 1 , 3 according to FIGS . 5 and 7 and 
conversion elements manufactured with our methods can perpendicular to the main extension plane of the conversion 
contribute advantageously to an increase in the efficiency of layers 1 , 3. In contrast to the separation lines 6 of FIG . 5 , the 
an optoelectronic component and its brightness . separation lines 6 in the example of FIG . 7 have larger 

Further advantageous configurations and developments distances to each other . In contrast to the separation lines 6 
result from examples described in the following in connec- of FIG . 7 , the separation lines 6 in the example of FIG . 8 are 
tion with the figures . rotated by 90 ° . 

Equal or similar elements as well as elements of equal In the method according to the example of FIGS . 9 to 15 , 
function are designated with the same reference signs in the the method steps as described in connection with FIGS . 1 
Figures . The Figures and the proportions of the elements and 2 are carried out first ( FIGS . 9 and 10 ) . 
shown in the Figures are not regarded as being shown to In a next step schematically shown in FIG . 11 , the layer 
scale . Rather , single elements , in particular layers , can be stack 4 formed from a first conversion layer 1 and a second 
shown exaggerated in magnitude for the sake of better conversion layer 3 is rolled up into a cylinder . After rolling , 
presentation and / or better understanding . 20 curing the layer stack 4 is particularly preferably performed 

In the method according to the example of FIGS . 1 to 5 , to fix the shape of the cylinder ( FIGS . 12 and 13 ) . 
a first conversion layer 1 is provided on an auxiliary carrier In a next step , the cylinder is separated by cutting into thin 
2 ( FIG . 1 ) . For example , the first conversion layer 1 can be slices 5 , which are shown schematically in FIG . 14 . 
generated on the auxiliary carrier 2 by spray coating , tape FIGS . 15 and 16 schematically show vertical separation 
casting or spin coating . The first conversion layer 1 is 25 lines 6 , along which a slice 5 of a rolled layer stack 4 can be 
completely or partially cured . It is also possible to use a separated by punching into a plurality of conversion ele 
prefabricated first conversion layer 1. The first conversion ments 7. It is possible to create different patterns within the 
layer 1 converts electromagnetic radiation from the blue conversion elements 7 by selecting the distances between 
spectral range into yellow - green light . The first conversion the separation lines 6 . 
layer 1 comprises , for example , phosphor particles from a 30 According to the example of FIG . 17 , a layer stack 4 is 
garnet phosphor material introduced into a polymeric matrix formed from a first conversion layer 1 and a second con 
material . version layer 3 by folding into a meandering cuboid sepa 

In a further method step , a second conversion layer 3 is rated by cutting into slices 5 . 
applied to the first conversion layer 1 , for example , also by As shown in FIGS . 18 and 19 , the slices 5 can be 
spray coating , tape casting or spin coating ( FIG . 2 ) . The 35 separated into a plurality of conversion elements 7 along 
second conversion layer 3 is fully or partially cured . A separation lines 6 perpendicular to each other . The separa 
prefabricated second conversion layer 3 can also be used for tion lines 6 according to the example of FIG . 19 are rotated 
this method step . This can be laminated onto the first by 90 ° compared to the separation lines 6 according to the 
conversion layer 1. The second conversion layer 3 converts example of FIG . 18 . 
blue light into red light . The second conversion layer 3 40 FIG . 20 schematically shows a cuboid as it can be 
comprises , for example , phosphor particles from a nitride generated by zigzag folding a layer stack 4 from first 
phosphor introduced into a polymeric matrix material . conversion layer 1 and a second conversion layer 3 ( see also 
As shown schematically in FIG . 3 , further first conversion FIG . 2 ) . 

layers 1 and second conversion layers 3 can be alternatingly The layer stack 4 rolled into a cylinder according to the 
applied to the second conversion layer 3. The result is a layer 45 example of FIG . 21 has a third conversion layer 10 com 
stack 4 with first conversion layers 1 and second conversion pared to the layer stack 4 rolled into a cylinder according to 
layers 3 applied alternatingly in direct contact with each FIG . 12. The third conversion layer 10 is applied to the 
other . The layer stack 4 can also be fully or partially cured second conversion layer 3 and converts electromagnetic 
after all conversion layers 1 , 3 have been applied . radiation of the first wavelength range into electromagnetic 

In a first separation step , the layer stack 4 is then divided 50 radiation of the fourth wavelength range . 
into individual slices 5 , for example , by sawing ( FIG . 4 ) . The optoelectronic component according to the example 
Each slice 5 has alternating thin layers of the material of the of FIG . 22 has a radiation - emitting semiconductor chip 11 
first conversion layer 1 and the second conversion layer 3 . that emits blue light from a radiation exit surface . A con 

In a second separation step , each slice 5 is separated into version element 7 , as already described , for example , in 
a plurality of conversion elements 7 along vertical separa- 55 connection with FIG . 6 is applied to the radiation exit 
tion lines 6 ( FIG . 5 ) . surface . 

The conversion elements 7 according to the example of The conversion element 7 has a first converting region 8 
FIG . 6 can be manufactured , for example , with the method that converts blue radiation of the semiconductor chip 11 
as described in connection with FIGS . 1 to 5 . into green radiation . A second converting region 9 that 

According to the example of FIG . 6 , each conversion 60 converts blue radiation of the semiconductor chip 11 into red 
element 7 has a first converting region 8 and a second radiation is arranged laterally next to the first converting 
converting region 9. The first converting region 8 is formed region 8. The converting regions 8 , 9 are directly adjacent to 
from material of the first conversion layer 1. The second each other . 
converting region 9 is formed from material of the second The optoelectronic component according to the example 
conversion layer 3. The first converting region 8 and the 65 of FIG . 22 emits mixed - colored light that is composed of 
second converting region 9 are each arranged laterally side unconverted blue light , converted red light and converted 
by side in direct contact . green light and has a color location in the warm - white range . 



ence . 

10 

US 10,923,637 B2 
9 10 

This application claims priority of DE 102018105910.8 , 3. The method according to claim 1 , further comprising : 
the subject matter of which is incorporated herein by refer applying a third conversion layer that converts electro 

magnetic radiation of the first wavelength range into Our methods , elements and components are not limited to electromagnetic radiation of a fourth wavelength range the description of the examples . Rather , this disclosure 5 to the second conversion layer , comprises any new feature as well as any combination of 
features , particularly each combination of features of the wherein each conversion element comprises at least a 
appended claims , even if the feature or combination of third converting region comprising material of the third 
features itself is not explicitly given in the claims or conversion layer . 
examples . 4. The method according to claim 1 , wherein the first 

What is claimed is : conversion layer and / or the second conversion layer are / is 1. A method of manufacturing a plurality of conversion generated by one of : spray coating , tape casting , and spin 
elements , comprising : coating . 

providing a first conversion layer on an auxiliary carrier , 
said first conversion layer converting electromagnetic 15 5. The method according to claim 1 , wherein 
radiation of a first wavelength range into electromag the first conversion layer comprises a polymeric matrix 
netic radiation of a second wavelength range , material in which a plurality of first phosphor particles 

applying a second conversion layer on said first conver is introduced , said first phosphor particles converting 
sion layer , said second conversion layer converting electromagnetic radiation of the first wavelength range 
electromagnetic radiation of said first wavelength range 20 into electromagnetic radiation of the second wave 
into electromagnetic radiation of a third wavelength length range , and / or 

the second conversion layer comprises a polymeric matrix 
separating the generated layer stack such that a plurality material in which a plurality of second phosphor par 

of conversion elements are generated , ticles is introduced , said second phosphor particles 
wherein converting electromagnetic radiation of the first wave 
each conversion element comprises at least one first length range into electromagnetic radiation of the third 

converting region having material of the first conver wavelength range . 
sion layer , 6. A conversion element manufactured by a method each conversion element comprises at least one second according to claim 1 . converting region having material of the second con- 30 
version layer , 7. An optoelectronic component comprising : 

the converting regions are arranged laterally side by side , a radiation - emitting semiconductor chip that emits elec 
separating the layer stack comprises two separation steps , tromagnetic radiation of a first wavelength range from 

wherein the layer stack is divided into a plurality of a radiation exit surface , and 
slices in the first separation step , and the slices are 35 the conversion element according to claim 6 that converts divided into the plurality of conversion elements in the electromagnetic radiation of the first wavelength range second separation step , and into electromagnetic radiation of the second wave the layer stack is folded into a cuboid in a zigzag manner . length range and the third wavelength range . 

2. The method according to claim 1 , wherein at least one 
further first conversion layer and at least one further second 40 8. The method according to claim 1 , wherein the convert 
conversion layer are applied alternatingly to the second ing regions are arranged directly adjacent to each other . 
conversion layer . 
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